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ABSTRACT 


For the study of phosphatase inactivation and cream 
volume impairment in the HTST region, the small commercial 
plate-type heat exchanger offers certain advantages over 
laboratory-size pasteurizers in that precise temperature, 
time and pressure measurements may be directly made at any 
desired point in the process. The experimental pasteurizer 
was of this type with a capacity of 1000 pounds/hour; 
temperatures were measured by indicating thermometers and 
thermocouples calibrated against an indicating thermometer 
graduated to 0.1°C. and certified by the National Research 
Council of Canada to 0.01°C.; milk times were calculated from 
water times measured by the salt-conductivity method; the 
thermal effect of heating-up and cooling was evaluated by 
Ball's method; the Sanders and Sager phosphatase test was the 
criterion of inactivation and the cream volume was measured 
in graduated cylinders with a change of 1 percent indicating 
impairment. 

Assuming instantaneous heating-up and cooling, phosphatase 
was found to be inactivated at 160°F. in 16.8 seconds and 
the Z value (the temperature range in degrees during one 
logarithmic cycle of time) of the semi-logarithmic inactiva- 


tion curve in the temperature range studied is 9.7°F. For 
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cream volume impairment only 15.0 seconds at 160°F. were 
required while the Z value of the semi-logarithmic destruction 
curve was 12.4°F. in the range studied. 

Because of the complexity of the creaming problem the 
measurement of cream volume destruction does not provide a 
Satisfactory abode of HTST pasteurization. There are 
also objections to the use of the phosphatase test as the sole 
field control of HTST pasteurization. Thus there appears 
to be justification for a specified minimum holding time of 


15 seconds at a minimum of 160°F., 
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FIELD CONTROL OF THE TEMPERATURE-TIME FACTOR 
IN HTST PASTEURIZATION 


INTRODUCTION 


Since the approval of the high-temperature short-time 
(usually abbreviated to HTST) method of milk pasteurization 
in Canada and the United States, the pasteurization standard 
for this method has been one or other of three standards; 
either a minimum temperature of 160°F. for a minimum holding 
time of 15 seconds, or 161°F. for 15 seconds, or 161°F. for 
16 seconds. Since the fundamental purpose of milk pasteuriza- 
tion is to kill the pathogenic bacteria which may be suspended 
in’ the milk, it then becomes evident that the heat-resistant 
characteristics of the pathogenic organisms must be known. 

It is accepted that Mycobacterium tuberculosis is the most 
heat-resistant of the common milk pathogens. Thus, the 
immediate purpose of pasteurization is to kill the tubercle 
organism and this has become the universal basis of pasteuri- 
gation. However, the heat-resistant characteristics of 
Mycobacterium tuberculosis in the region of HTST pasteuriza- 
tion are not definitely known. Thus, any estimation of the 
safety factor provided by HTST pasteurization is only an 
approximation and may or may not be close to that actually 
provided. 

The real practical and immediate criterion of pasteuriza- 
tion today is inactivation of milk phosphatase. In practice 


this test is now being used extensively to control the minimum 


vai 
by wh ! 


amit-grode sisde19 


fotiseiwetesq Alta % 


pisbusde Motte: bwosesq 


abrsbiiade serdt to te 


got .2° 00 xo 8 
saptitedesq Aft to occ 
hobuoqasse od: vee HSE cy | 
piedeseersdeed 349d. 
eng ,eunt ofS 
sforsdud a esncimis 
-rasssasq 0 ele 
io 6 
“Siiiuetasq Té TH to. chtoee el 
ent “Lo so isomkses (its aster 
eo ivoetg rl peat ey fold 
; memes ont Lorsnos ow vteviensixs: bee a 


Bp 


pasteurization temperature-time combinations. The upper limits 
of the temperature-time combinations should be below the point. 
at which the creaming properties of the unhomogenized milk 
begin to be significantly affected. 

In this study it is proposed to investigate the feasibility 
of basing the field control of HTST pasteurization on the 
destruction of the milk phosphatase and the destruction of 
the creaming property of the milk when these criteria are 


applied to the finished milk. 


HISTORICAL 


Development of HIST Pasteurization 


The discoveries of Louis Pasteur that bacteria which 
cause "disease" of wine could be killed if heat is applied 
for a sufficient period of time, led to the scientific develop- 
ment of milk processing. This process is now universally 
called "Pasteurization", Weigmann's treatise on "Pasteuriza- 
tion and Sterilization of Milk" (1893) is one of the oldest 
known records of the step-by-step development of the process 
and machinery for pasteurization up to 1893. Weigmann wrote 
of holding systems of regenerative heaters and coolers and 
of thermal death points years before interest in them became 


active in other parts of the world. He states that in 1881 
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Fesca of Berlin, Germany, invented the first continually 
working apparatus for the heating of milk for the purpose of 
preserving same and in 1886 Thiel invented the gravity flash 
pasteurizer. These flash pasteurizers were definitely of the 
"high-temperature short-time" type and represented the first 
steps in commercial pasteurization. 

Public health regulations prohibited the commercial use 
of flash pasteurization because the equipment and controls 
then available made it difficult or impossible to pasteurize 
milk satisfactorily. When the milk was heated to 160°F. not 
all pathogenic bacteria were destroyed. Higher temperatures, 
such as E7O° Rs , reduced creaming but gave good results 
bacteriologically. Further, there were no quick-acting 
accurate temperature controls, the flow rate was not constant, 
_there was no definite holding time and the mixing of raw and 
pasteurized milk was possible. Under such circumstances 
public health officials justly condemned flash pasteurization 
and consequently, it was superceded by the commonly known 
holder method which could be more accurately controlled in 
commercial operation. 

However, with improvements in automatic control devices 
and the use of hot water as a heating medium, milk could be 
made to flow at a controlled rate in a very thin layer over 
or between heated surfaces so that its temperature could be 


rapidly adjusted and regulated. This method provided more 
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accurate control of time and temperature and thus has become 
known as the "high-temperature short-time" modification of the 
process a flash pasteurization. HTST pasteurization presented 
new problems but soon gained the confidence of public health 
officials and thus has become a legal pothed of pasteurization 
in many parts of the world. 

For various reasons the holder method is now being rapidly 
replaced by the HTST method. Yale (1933), reviewed the develop- 
ment of HTST pasteurizers in which provision was made for the 
control of the holding time for very short periods of time at 
temperatures in the range of 160°F. The first American 
pasteurizer of this type was the Hlectropure, manufactured by 
the Trumbell Electric Mfg. Co., Plainville, Conn. This 
pasteurizer was a modification of an earlier electrical 
pasteurizer based on the developments in electrical pasteuri- 
zation in #ngland in the period 1913 to 1920. The first models 
were essentially flash pasteurizers as the holding time was 
estimated as being about 3 to 4 seconds; subsequent modifica- 
tions studied in 1927 are reported to have had holding times 
between the heater outlet and the cooler inlet ranging from 
11.1 to 19.7 seconds. Other types of HTST pasteurizers using 
hot water and steam as heating mediums, including the plate 
pasteurizer developed in England, were introduced between 1920 


and 1930. 
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Standards for Pasteurization 


A review of the early literature reveals that the times 
and tenperatures recommended for heating milk showed wide 
variation and uncertainty. Variation in the reperes of bacterio- 
logists on the thermal death times of pathogenic bacteria was 
one of the chief reasons that no single standard for pasteuri- 
zation was recognized. Another cause for. uncertainty in any 
one standard was the variation in the temperatures and times 
recommended by leading bacteriologists of that time. 

According to investigations reported by North et al (1925) 
temperature-time combinations of WEO°F. for 15 te 30 minutes 
were sufficient to destroy Mycobacterium tuberculosis.. Con- 
sequently, in 1911 and again in 1917 the National Commission 
on Milk Standards in New York recommended Abie 5° Be for 30 
minutes. However, this standard was soon shown to have an 
injurious effect on the creaming properties of the milk and 
asa result many areas adopted a standard of 142°F. for 30 
minutes. The Hndicott experiments of 1921-1923, conducted 
by North et al, confirmed the safety of the adopted standard 
of 142°F. for 30 minutes. However, they recommended that in 
order to conform to this standard the industry must adjust the 
temperature of pasteurizing machines to a degree or two above 
the minimum temperature of 142°F. to allow for fluctuations. 
This led to the present minimum standard of TES °R, for 30 minutes 


for low temperature pasteurization in the U.S.A. and Canada. 
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At this time there was no acceptable standard for HTST 
pasteurization as it was not considered a dependable process. 
However, due to improvements in design of heaters, and in 
temperature control and safety devices, there developed a de- 
mand for recognition of this process as a dependable method of 
pasteurization. As a result, the U.S. Public Health Service 
in cooperation with the New York State, New York City and 
Pennsylvania State Health Departments in 1927 initiated studies 
on HTST pasteurizers. Moss (1940) and Fuchs (1951) both 
report that on the basis of this work the standard of a 
minimum of 160°F. for a minimum holding time of 15 seconds 
was recommended. Holland and Dahlberg (1940) report that around 
1927 the New York Standard for HTST pasteurization was set at 
a minimum of 160°F. for a minimum holding of 20 seconds, this 
standard being subsequently modified to 15 seconds holding at 
the same Peaperavare: The U.S. Public Health Service Milk 
Ordinance and Code (1939) demands for HTST pasteurization 
heating to a minimum of 160°F. for a minimum holding time of 
15 seconds. This, according to Fuchs (1951), was changed in 
1949 to 161°F. for the same holding period, the change being 
based on the findings and recommendations of Sanders and Sager 
(1948) regarding phosphatase inactivation. 

In Canada we do not have a standard ordinance and code 
for the handling of milk such as that prepared by the U.S. 


Public Health Service. However, the same tenperature has been 
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adopted by some provinces but the holding time has generally 
been set at a minimum of 16 seconds. 
The following list shows the provincial regulations as 


of June, 19517: 


Province Regulations 
Newfoundland nil 
Prince Edward Island -161°F. - 16 seconds 
Nova Scotia 161°F. - 16 seconds 
New Brunswick nad 9 wilid.adept, Usd oP--H..S. 
regulations when necessary 

Quebec 161°F. - 16 seconds 
Ontario 161°F. - 16 seconds 

| Manitoba 161°F. - 16 seconds 
Saskatchewan 160°F. - 15 seconds 
Alberta 161°F. - 16 seconds 
British Columbia 161°F. - 16 seconds 


Nocordame to Wilson (1942) the HTST pasteurization standard 
in Great Britain is a minimum of 162°F. for a minimum of 15 
seconds. However, according to Lethem (1950), this has now 
been amended to 161°F. for the same time. In Europe higher 
temperatures are commonly used and little if any regard is 


paid to the consequent reduction in cream volume. 


*Information supplied by the various Provincial Departments 


of Publié Health. 
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Thermal Death Times of Mycobacterium tuberculosis 


The thermal death times of M. tuberculosis in the tem- 
perature range of holder pasteurization have received a great 
deal of study. The accepted fact that this organism is more 
resistant to heat than other pathogens likely to be present 
in milk was confirmed by Rosenau (1908). Further studies by 
Nort and Park’ (1927) '*Park “(1927, a')*and Park’e(1/927.. ») 
have attempted to establish the precise temperature-time 
combinations necessary to destroy this organism in milk. As 
a result, it is today generally accepted that this bacterium 
is killed in milk at 142°F. in 10 minutes. 

No equivalent data are available for the temperature 
range of HTST pasteurization but the studies of North and 
Park (1927) have carried much weight in establishing standards 
in this range. Since bacterial death is logarithmic, Dahlberg 
(1932) in plotting North and Park"s data on semi-logarithmic 
paper. obtained a straight line death curve. The resulting 
curve cuts the 160°F. line at 11.2 seconds. There is at present 
no experimental proof to confirm this extrapolated result. 

If the data of North and Park had represented true "thermal 
death points" then extrapolation may have been justified. 
Wilson (1942) in reviewing the investigations on this subject 
attempts to justify a thermal death time for this pathogen of 


12 seconds at 160°F. Park (1927, b) indicated the thermal 
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death point of tubercle bacilli in milk at 160°F. as 30 
seconds. 

In recent years a new conception of bacterial destruction 
has developed. According to Ball (1943) the trend appears to 
be away from the procedures that show absolute destruction 
points and toward those that reveal rates of destruction of 
bacteria. In the broadest sense, therefore, theoretically 
there is no "thermal death time". Universal recognition is 
given to this conception in the canning industry and their 
processes are now based on death rates rather than thermal 
death points. These rate-of-destruction curves when plotted 
on semi-logarithmic co-ordinates yield straight line curves 
Since bacterial destruction is logarithmic. Thus the Z value 
of these straight line destruction curves becomes an important 
factor in the evaluation of the thermal process. 

. The "thermal death time" curve in Dahlberg's analysis of 
the North and Park data has a Z value of 10.5°F. while Park's 
(1927, a) data analysed the same way have a Z value of 12.8°F. 
Thus, considerable variation is evident which is caused by 
the inconsistency of the results to form a perfect straight 
line fgg eedor curve. Obviously, techniques would cause 
such a variation. On careful analysis of the North and Park 
data in a manner similar to Dahlberg's, one finds a distinct 
area in which the true "thermal death times" probably lie. 
Further, on extrapolation into the region of HTST pasteuriza- 


tion the "thermal death time" is found to be between 12 and 
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20 seconds at 160°F. Thus, the precise temperature-time 
relationships for M. tuberculosis are not definitely known 
but it seems, from the data mentioned, that the Z value lies 
in the neighborhood of 10.5-13°F. 

The Z value of the M. tuberculosis thermal death curve 
has a very important bearing on present conceptions of pasteuri- 
zation. The inactivation of milk phosphatase has become the 
universal routine test for proper pasteurization. Although 
there is still much to be learned about the inactivation and 
temperature-time relations, nevertheless, the test can be 
reasonably soundly applied in low temperature long time 
(usually abbreviated to LTLT) pasteurization. As in the case 
of M. tuberculosis, the relation to HTST pasteurization is 
Still somewhat obscure. If the Z value for inactivation of 
phosphatase lies between 8 and 9°F. as reported by Lear and 
Foster (1949), then it appears that the two destruction curves 
must cross at some point in the region of HTST pasteurization. 

That commercial HTST pasteurization is giving adequate 
protection is confirmed by the studies which have been made 
of commercial machines. Hiscox (1944) reviewed these in 1944. 
The results are from various parts of the world and although 
they do not represent true "thermal death times" evidence is 
presented that the times and temperatures at which the plants 
operated were sufficient to insure the destruction of all 


tubercle bacilli. 
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Development of Phosphatase Test 


The need for a practical test for detecting the degree of 
heat-treatment of milk has been felt for some time. Bacterial 
counts, recording thermometer charts and plant inspection do 
not always furnish reliable means of ascertaining that milk 
‘has been properly pasteurized. 

The heating of milk inactivates more or less completely 
the enzymes which were originally present in the raw milk, 
Conseguently, several tests for pasteurization have been 
developed based on this inactivation. The completeness of the 
enzyme destruction obviously depends very largely on the tem- 
perature and the time during which the milk has been exposed 
to heat and on the specific characteristics of the individual 
enzyme. The enzyme peroxidase has been used as the basis of 
pasteurization tests but this enzyme is not inactivated until 
the heating is carried to about 170°F. which is not suitable 
today. The amylase test had considerable vse but lacked 
sensitivity, while the catalase, protease and lipase tests 
for pasteurization have not been successful because of their 
heat inactivation characteristics. 

Kay and Graham (1934) claimed that at any temperature 
from 140°-167°F. 96% destruction of phosphatase indicates com- 
plete destruction of M. tuberculosis. Shortly after this Kay 
and Graham (1935) reported the phosphatase test for pasteurized 


milk. The development of this test has provided a tool for 
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the control of pasteurization which has not yet reached the 
limit of its potential usefulness. The test was developed 

for British standards of pasteurization, i.e., 145°-150°F. for 
30 minutes, and according to Fasken and McClure (1940) slight 
modifications are needed to make the original test suitable 
for examination of milk pasteurized at 143°F. for 30 minutes. 
Modifications and improvements of the original test, up to 
1939, are reviewed by Burgwald (1939). 

In 1948, after extensive study, the phosphatase test, as 
modified by Sanders and Sager (1947), was made an official 
method by the Association of Official Agricultural Chemists 
(1948) for testing fluid milk, cream, cheddar-type cheeses and 
the soft unripened cheeses as an index of the adequacy of 
pasteurization. The test of Sanders and Sager was adopted 
because it was more sensitive than preceding tests. A raw 
milk contamination of 0.1% in pasteurized milk is detectable 
visually and a concentration of 0.05% can be detected with a 


photo-electric colorimeter. 


The Nature of Phosphatase 


The enzyme phosphatase is a specific esterase which will 
hydrolyse esters of phosphoric acid. since its first discovery 
in 1907 it has become increasingly important and it has now 
been established that some 15-20 phosphatases exist. Because 


of their importance in bone formation, carbohydrate metabolism 
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etc., we find them present in practically all living ie and 
in many biological ane The phosphatases are generally 
divided into two groups: alkaline phosphatase, with an optimum 
pH of from 8 to 10, and acid phosphatase with an optimum pH 

ef from 4.to 5. : 

Milk normally contains both the alkaline and acid phos- 
phatases. According to Mullen (1950) the concentration of the 
acid phosphatase in milk is low, being about one fortieth of 
‘the concentration of the alkaline phosphatase. Very little 
is definitely known about the chemical constitution of the 
phosphatases in milk. Since all enzymes are now thought of 
as being protein or protein-related materials it is reasonable 
to assume that phosphatase is at least partly protein in 
nature. These views are borne out by Massart and Vandendriessche 
(1945) who suggest that milk phosphatase is a "heavy metal 
(zinc) proteid". Andersen (1949) explains certain observations 
on alkaline phosphatases, by assuming that the protein of the 
enzyme is a mixture of several components which may be, accord- 
ing to Moelwyn-Hughes (1940), at different stages in their 
electrolytic dissociation. Qualitatively, however, the nature 
of the enzyme protein or associated protein may be related to 
the degree of specificity of the enzyme action. As to the 
protein nature itself, those enzymes thus far reported in the 
literature as crystalline and substantially nee are protein 
in nature. ila cae form, however, they may require for effect- 
ive action coenzymes or other materials which are themselves 


inactive. 


“org bts brs dha tea Gi arly dood attend aa 
aid to noiderdasonoa sey (O20L) nelfen os gribaonsh — 
to ddeistot ono diode le ale WoL at aE ak seasaqebie 
elseil vis’ | veesdudqeord onihexste eng 46. sin 
_ sit to woituditen oo, fevitws Ad. ons Soe 8 nwontl ee el 
efdenoesst et ot elainedem pedaler-atssoug to akeaong dutta! es 


[e 


to seguods wos ont Bourges As te eonke: fim abs 


ni nisdorg elo eg Jesol ts ef. sasdadqaosg teat emuees ot 
Ssceitbaaling’. bre - jisteem ve suo ened ore: ewekv. geod orden 
isdom yveod” s ei sasdedeeoda race” rere dooxene ontw (age) 
enoivavicedo Aisd199 enislqxe (eser f) neetebml sMbLedong (oats) 
ens to niotorg oft teat no imveee ar | soetadeaodg: eitLeis m0 
=btooos ed vem dots adnohognos, {erevee 40. orirdoeh ie 
Ateds mi bepsde. ‘dsteTT Eb ds (OK@L) corigull~nywloo 
stnven odt “tevewon cleviseJiteil? neisetooseth stayfoxas 
03 bosses Sd- asm cs aside beds tooaee | ae: “ake i a 


oad of aA HOltos. omnis orig | 


nissongy ots Stig utigaellaoe 


“J99gtis sol wiley Vea yond eh 


gov loesieyls 9T8 aia iris 


as | 
, ay vi 1 eee ee Mi 
e (=) ‘@ 


OY Oe) Vue Eth e ed 


= 


As yet, no practical “use. has been made of the acid 
phosphatase which is present in normal ie milk. According to 
Mullen (1950) this enzyme possesses properties of thermo- 
stability being only 10-20% inactivated by the normal conditions 
of pasteurization. The enzyme, however, exhibits considerable 
instability towards visible radiation, being 50% inactivated 
by 60 minute exposure to spring sunlight, and is inhibited by 
chloroform and formaldehyde. In contrast, the alkaline phos- 
phatase which is present in normal raw milk has a practical 
value. It is inactivated during pasteurization and this 
property has been made use of in the development of the phos- 
phatase test for pasteurization. It is also very stable, being 
unaffected by several preservatives. Alkaline phosphatase 
has received considerably more attention than the acid enzyme 
in milk and therefore any further reference to phosphatase in 
this report shall mean the alkaline phosphatase unless other- 
wise stated. 

The location of phosphatase in normal milk has been in- 
vestigated by several authors. Invariably they report that it 
is located to a large extent, but not entirely, at the fat-serum 
interface. Kay and Graham (1934) believe it to be present 
either in the very thin, mainly protein, layer which covers — 
the fat globules or is adsorbed on the fat clobules in such a 


way that the greater part of it may be removed by further 
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treatment, e.g. churning. Further they report that on centri- 
fuging melted butter nearly all the enzyme present is found 
dissolved in the aqueous portion which shows that the enzyme 

is probably not even in part fat-soluble. Sjostrom (1949) 
proposes a similar theory suggesting that milk phosphatase 

is linked with the proteins rather than with the lipoids of 

the fat-globule membrane. Hetrick and Tracy (1948) show that 
the enzyme probably is concentrated at the fat-serum interface, 
perhaps in a manner similar to So eee, Since butter oil had 
no phosphatase activity and the buttermilk exhibited an activity 
approximately ten times that of skim milk. According to Rimpila 
and Palmer (1935) most of the phosphatase in cream appears to 

be so tenaciously adsorbed to the fat globule that even washing 
six times with distilled water failed to remove more than 50% 
from the cream. These observations led them to conclude defi- 
nitely that the enzyme in cream is a constituent of the fat 
globule "membrane" and cannot be washed away with water. 

The presence of phosphatase, like that of so many other 
enzymes, is indicated by activity rather than isolation. In 
the phosphatase test for pasteurization the presence of the 
enzyme is indicated by the liberation of phenol from da-ssequmn 
phenylphosphate by the activity of the enzyme. The phenol is 
then allowed to react with B.Q.C. (2,6-dibromoquinonechloroimide ) 
and the resulting blue color lends itself to colorimetric 


analysis. 
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Inactivation of Phosphatase 


Bigelow (1921) observed the logarithmic nature of the 
thermal death times of bacterial spores at different process 
temperatures. These data, when plotted on semi-logarithmic 
paper, usually describe a straight line. The literature on 
the study of heat inactivation of milk phosphatase in the region 
of HTST pasteurization indicates that the rate of inactivation 
is rapid and, according to Kay and Graham (1935), Koppejan (1936) 
and Van Bever and Straub (1943), follows a mono-molecular law, 
i.e., is a first order reaction. However, other results seem 
to indicate that the inactivation is not strictly first order 
but, as Hetrick and Tracy (1948) mention, possibly a pseudo- 
first order reaction. According to Andersen (1949) the great 
increase in the velocity of destruction, caused by the rise in 
temperature, follows the Arrhenius equation. This means that 
the temperature-time relationships form a straight line when 
plotted in a semi-logarithmic manner. However, several investi- 
gators have shown that a plot of temperature vs. the log time 
for inactivation at that temperature yields a straight line. 
This observation becomes important in the evaluation of the 
thermal process. 

Marquardt and Dahlberg's (1931) analysis of creaming 
results by the use ae semi-logarithmic paper drew attention to 
this method for the analysis of creaming data which exhibit 


logarithmic phenomena. Kay and Graham (1934) established the 
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temperature-time combination necessary to destroy 96% of the 
phosphatase in milk and plotting these in a logarithmic form 
they obtained a straight line curve. On the same graph they 
plotted the straight line curve developed from the North and 
Park (1927) data by Dahlberg (1932). On analysing these two 
curves they attempted to justify the adequacy of the phosphatase 
“peer over the range 140°-167°F. The Z value of their destruc- 
tion curve is approximately Lali ae which is quite different 
from that obtained by other authors. This is probably due to 
inaccuracies in measurements at higher tenperatures since 
their shortest holding time was only 20 seconds. 

Since Kay and Graham's original analysis of the inactiva- 
tion of phosphatase, several authors have again attempted to 
establish the temperature-time relationships necessary for the 
destruction. Holland and Dahlberg (1940) devised an experi- 
mental apparatus whereby the heating-up period was only from 
3 to 10 seconds depending on the desired temperature. This 
method reduced the heating-up period considerably but no mention 
is made of the cooling time. Presumably, the samples were 
removed and placed in an ice bath. When their results were 
plotted on semi-logarithmic paper a straight line curve over 
the range 140°-165°F. was obtained, the Z value of this being 
8.35°F. The fact that the lower portion of the curve is not 
a straight line probably indicates that control of conditions 
at high temperatures are more important than similar controls 


at lower temperatures. 
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Sanders and Sager (194.8), again using a laboratory 
pasteurizer, established a temperature-time combination which 
when plotted on appropriate paper gave a Z value of 8.73°F. 

In this apparatus the milk required 6 seconds to be heated to 

the desired holding temperature, where it was held for periods 

of time which were accurate to =3 seconds, while removed samples 
were cooled in ice water. However, they attempt to justify 
heating-time lags by subtracting either 3 or 4 seconds, depending 
on sample size, from their total heated times. 

Hetrick and Tracy (1948) reported a straight line curve, 
for inactivation of phosphatase, which has a Z value of 9°F. 
They used a Mallory small-tube heat exchanger as their heat 
treating apparatus and reported that with this unit only 0.83 
seconds were necessary to heat the milk to the desired tempera- 
ture. Samples were removed into test tubes which previously 
had been immersed in ice water but no times for cooling are 
reported. | 

Lear and Foster (1949) developed an apparatus for heat 
treating milk which required 7 =1 seconds to reach the desired 
temperature. It was then held in a holding tube for a period 
of time which was accurate to alle seconds. Samples were removed 
by pipettes, after various time intervals, and cooled in ice 
water. With this unit the inactivation of phosphatase was 
studied and the reported straight line curve has a Z value of 
§.82°F. Other Z values are reported by them and the signifi- 


cance of equal Z values is explained. 
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On examining the above mentioned straight line curves 
the following times are required to inactivate phosphatase 


at) 160CR.<- 


Authors Time 
Hetrick and Tracy (1948) 35.9 seconds 
Sanders and Sager (1948) 24.0 " 


Holland and Dahlberg (1940) 20.4 ? 
Lear and Foster (1949) One: 45S 


The results indicate considerable variation as to the required 
time necessary to produce the desired inactivation. There 
are probably three causes for this variation. Firstly, the 
methods of heat-treatment varied i.e., the heating-up and 
cooling periods were significantly different. Secondly, the 
methods of Beeie for phosphatase varied. Thirdly, the end 
point chosen to indicate inactivation varied from as low as 
0.5 ppm (Lear and Foster) to 40 ppm (Holland and Dahlberg). 
The Sanders and Sager (1947) test for phosphatase 
inactivation has now been made the official method for analysis 
“by ae Association of Official Agricultural Chemists and with 
this test the criterion of pasteurization is 2 mmg. phenol/ 


O.5 ml of milk which is equal to 4 ppm. 
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Creaming Inactivation 


Extensive studies by Dahlberg and his associates (1929) 
(1931) (1932) (1940) claimed that the time-temperature com- 
binations that result in a significant reduction in the cream- 
ing of milk are considerably above those required to destroy 
M. tuberculosis as shown by the data of North and Park. When 
they plotted these data and a line joining the standards of 
pasteurization on semi-logarithmic paper a considerable margin 
is to be observed between the pasteurization standards and 
Significant reduction in creaming. This margin of safety as 
regards creaming is ereatest for low temperature pasteurization 
and least in ae region of HTST pasteurization where it is 
approximately 9 seconds. 

Early standards for milk pasteurization on this continent 
included a maximum as well as a minimum temperature but ex- 
perience with these standards soon demonstrated that the 
maximum temperature was determined by its effect on the cream 
layer. Consequently, present standards take cognizance of this 
fact. The principle that has been allowed is to set the minimum 
temperature as close to the point of cream volume interference 
as is practical taking into consideration the sensitivity of 
controller and recording thermometer. The change in the 
standard for holder pasteurization from the former 142°F. to 


the present minimum of Wo: A was made on this basis. 
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y The literature on the creaming of milk is extensive and 
no attempt will be made to review it. This subject is 
thoroughly covered by Dahlberg and Marquardt (1929) and more 
recently by Dunkley and Sommer (1944). The main interest 
will be with information on methods of measuring and inter- 
preting significant impairment of creaming. 

Got aed ard Dahlberg (1940) outline the method that was 
employed in their studies and by others in the measurement 
and comparison of cream volumes. In this method the milk 
being studied is placed in 100 ml measuring cylinders that 
are stored in an ice-water bath. Storage is not necessarily 
maintained at this temperature and is usually at around 40°F. 
for a period of 24 hours. In order to measure the effect of 
various time-temperature treatments on cream. volume a control 
is used that has been heated momentarily to dy (0 agin followed 
by rapid cooling to 40°F. The temperature to which the control 
is heated only needs to be sufficiently high to liquefy the 
fat which according to Sharp and Krukovsky (1939) and Dunkley 
and Sommer (1944) will result in the desorption of euglobulin 
and be followed by its reorientation at the fat globule 
surfaces when solidification of the fat globules takes place. 
Heating to a temperature of 135°-140°F. momentarily insures 
thorough liquefaction of the fat globules and does not 
interfere with dreaming. It is a procedure that was esta- 


blished prior to present knowledge of creamins. 
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There does not appear to be any standard procedure for 
interpreting significant reduction in cream volume when study-_ 
ing the effect of a range of time-temperature treatment of 
mide, » Holland et al (1940) im experiments at ‘HIST bareratures 
considered that a reduction of one ml in cream volume below 
the control was sufficient to indicate a definite destruction 
of creaming ability and the next shorter holding period was 
plotted as the ewecer holding time milk could be held at 
that temperature without influencing adversely the creaming 
properties of the milk. Meequaeee pnd Dahlberg (1931) took 
the time-temperature treatment that gave the first reduction 
of 0.2 percent or more in the creaming index as the point of 
Significant impairment of creaming. Dahlberg et al (LOL) ) 
chose the commercial pasteurization of milk at 144°F. for 
30 minutes as the endpoint and considered any reduction in 
cream volume below this point as significant. Millenky and 
Brueckner (1941) in a comparative study of HTST and LTLT 
pasteurization conclude that a 2 percent difference in the 
cream volume is not noticeable when milk bottles containing 
milk with varying cream volume percentages were examined. It 
will be obvious that the significance of a 2 percent difference 
a the cream volume of bottled milk will geen upon the 
butterfat content of the milk and the shape of the upper 


portion of the bottle. 
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Pumping Characteristics of Milk and Water 


The rotary pumps extensively used on HTST pasteurizers 
have positive displacement, which means that tne fluid is 
delivered to the discharge pipe in successive isolated quantities 
under positive pressure. These isolated quantities may be 
small or large depending on the particular characteristics 
of the pump. Because such pumps have close mechanical clear- 
ances, there is little loss due to slip when the liquid being 
pumped is of high viscosity. The volumetric efficiency is, 
however, affected by variations in:- 

1. Pump speed. 

2. Pressure at discharge. 

3. Viscosity of the material being pumped. 

4. Vacuum on suction side. 


5- Amount of entrained air or gas in material being 
pumped. 


The pump may be operated at a speed above that at which 
its passages will be completely filled and, therefore, the 
volumetric efficiency will be decreased. 

According to accepted theories of hydraulics, as the 
pressure at the discharge increases, the material being pumped 
tends to be forced back through the clearances to the suction 
side of the pump. This material, the slip, increases not 


only with the discharge pressure but also with a decrease in 
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the viscosity of the materials being pumped. Theoretical 
displacement minus PeLaniha! splacchient equals slip, and as 
slip increases, the volumetric efficiency decreases. 

With an increase of vacuum at the suction side of the 
pump, because of high suction lift or a long or crooked suction 
pipe, the entrained air or gas in the material being pumped 
will naturally expand and will occupy more of the pump 
displacement. A smaller portion of the displacement, there- 
fore, will be left for the liquid and the volumetric efficiency 
will decrease. 

The effect of viscosity on volumetric efficiency is 
related to pump speed as well as discharge pressure. At pump 
speeds that are low enough to permit the pump to fill, 
volumetric efficiency increases with viscosity because a more 
viscous liquid forms a better seal. 

Milk and water differ in their physical properties. 
According to Sommer (1946) the viscosity of milk at. 30°C. is 
1.640 cp. while that of water is only 0.801 cp. Their specific 
gravities also vary, milk being slightly higher, at 1.032. 
Lois conceivable that these differences might be reflected 
in their pumping characteristics. Weber (1947) reports 
increases of milk flow over water flow in a study of commercial 
pasteurizers of from O to 25 percent, with the same pump 


setting. No explanation is offered in those cases where no 
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increase took place. Cuttell (1948) reports that the milk- 

rate will be slightly higher than the water rate under the 

same plant conditions. He attributes this increased milk 

flow rate over water to the greater density and viscosity 

of milk. However, no experimental evidence is given. 

Robinson and Moss (1048) studied 34 commercial HTST pasteurizers 
and found that because of the increased capacity on milk over 
that on water the holding time may be decreased as much as 


26.7 percent. 


‘Measuring Holding Time 


The requirement of a minimum of 15 to 16 seconds holding 
time in HTST pasteurization introduced the problem of develop- 
ing methods for measuring accurately the time of milk flow 
through the holder of HTST pasteurizers. The following are 
ee methods that have been developed for this purpose:- 

1. Dye or visual. 

2a pale or conductivity. 

3. Thermal. 

L. Bacterial. 

Both the dye and salt methods are adaptations from 
hydraulic engineering. The dye method was used extensively 
in the timing of retarder and other continuous flow pasteurizers. 


Its use in timing HTST holders has been discontinued on this 
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continent mainly because it cannot be used when pasteurizing 
milk and endpoint recognition is difficult. Cuttell (1948) 
states that this method is still extensively used in Great 
Britain. According to Dummett and Mongar (1948) the sensiti- 
vity of the dye method corresponds to a dilution of about 1 
to 5,000, while a modification of this method which they 
developed using nickel chloride with dimethylglyoxime as a 
detector has a sensitivity of 1 in 100,000. 

The salt or conductivity method is being used and tested 
extensively at the present time on this continent. The method 
as applied to the HTST pasteurizer is described by Roger (1939) 
and Fay and Fraser (1943). According to Weber (1947) it is 
quite complicated and cannot be used directly on milk, it is 
not standardized and its accuracy is unknown. In a recent 
investigation Jordan (1949) studied this method extensively 
and determined that dye, salt, and bacteria are all transported 
at the same rate by a stream of flowing water. He concludes 
that, if sensitive means are used to measure dye and salt, 
these substances can be employed to measure the holding time 
of bacteria under the same conditions. Robinson and Moss 
(1948) found that a range in volume of injection of saturated 
NaCl ssolutien from 50 to 150 ml had little effect. on the 
holding time measurements when tests were made on large 
installations. | 

Thomasson (1945) introduced -a thermal method of timing 
based on temperature changes recorded by the recording thermo- 


meter when cold pasteurized milk was introduced at the entrance 
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of the holding tube. Robinson and Moss (1948) used a modi- 
fication of this method on a number of commercial pasteurizers 
and compared it with the salt method. They reported the 
thermal method, in which the fluctuation of ste recording 
thermometer needle was taken as the end point, to give 
holding times 1.81 seconds longer on the average than the 
salt method. This increased time is undoubtedly caused by 

a number of factors such as the sensitivity and response of 
the recorder-controller. Jordan (1949) reports some pre- 
liminary results in a comparison of an improved thermal timer 
manufactured by the Foxboro Company, Foxboro, Massachusetts, 
based on the measurement of a thermal wave produced in the 
heater section of the pasteurizer, thus eliminating criticisn 
ef the injection of solutions into the holding tube. The 
preliminary results indicate that this method, comparable in 
accuracy to the salt test, can be used on milk while the 
pasteurizer is in operation. 

It should also be noted that the injection of bacteria 
into the holding tube has been employed as another method of 
measuring flow time. 

All the test methods revorted in the literature for 
checking the holding time of HTST pasteurizers are based on 
the measurement of the holding time in the holder, a tubular 
section extending from the outlet of the heater section to the 


location of the sensitive bulbs of the indicating thermometer 
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and the controller-recorder. The length of time required for 
the fastest particle of.milk to pass through this section of 
the pasteurizer represents only a part of the time that the 
milk is subjected to temperatures that are lethal to bacteria. 
In fact in some installations it may represent only approximately 
50 percent of the time that the milk is at or above 160°F. 

In this connection it is interesting to note that unpublished 
data of the New York State Department of Health, made in the 
early days of HTST pasteurization and reported by Weber (1947), 
show the inactivation of large inoculations of M. tuberculosis 
at 158°F. for a calculated holding time of 2.2 to 3.7 seconds 
in the Electropure pasteurizer; and 152°F. when samples were 
taken at the outlet of the heater of a plate-type pasteurizer. 
These results point to the importance of the unmeasured or 
unknown time that is not measured in testing the holding tube 
but is of importance in the pasteurization of the milk. In 
addition to the lethal effect of the ee eaperaeaes factor 
in heating the milk to 160°F. or above there is the influence 
of the untimed portion of the milk above 160°F. and the time 
that the milk is subjected to a lethal time-temperature factor 
during cooling. It appears that if the holding time is to 

be controlled then the whole time that the milk is subjected 
to a temperature lethal to bacteria should be measured. It 

is doubtful whether this procedure is routinely feasible in 


commercial practice but an interesting application of this 
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principle was studied by Dahlberg et al (1941) in what they 
termed "Quick-Time"™ pasteurization. In this modification of 
pasteurization, the milk was heated for intervals of Bo Oa bee 
and 24 seconds above 140°F. with maximum temperatures in the 
range of 1699-177.5°F. They report that at the higher tem- 
peratures there appears to be a greater margin between the 
temperature at which creaming is impaired and the temperature 
that gave milk with a negative phosphatase test. than existed 


in pasteurization at lower temperatures. 


EXPERIMENTAL 


i. Methods 


(a) Type of Pasteurizer 


The plate-type HTST pastevrizer used in this study is 
shown in Figure 1. This pasteurizer was arranged for a 
eapacity of 1000 pounds of milk per hour. It was equipped 
with a Waukesha positive displacement pump, a type of pump 
used exclusively in the United States and Canada. The pump 
was located between the regenerative and heating sections 
of the pasteurizer in order to assure a higher pressure on 
the pasteurized milk in this section of the pasteurizer, 
which is a requirement of the U. S. Public Health Service 


,(1939). This requirement is for the purpose of insuring 
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that the raw milk will always be under negative pressure 
and thus any leaks that might develop in the exchanger, 
because of flaws in the metal parts, will not permit entry 
of raw milk into the pasteurized product. In England pro- 
tection in this regard is not insisted on and controlled 
centrifugal pumps are used. 

The float control tank was located below the milk level 
in the pasteurizer, another provision to assure negative 
pressure on the unpasteurized milk in the regenerator. The 
milk was maintained at a uniform level in the float control 
tank and it was kept well stirred in order to assure a 
uniform fat content. 

The sees was conducted during the summers of 1949, 1950 
and 1951. Recommendations at the end of the first and 
second summers resulted in alterations to the pasteurizer and 
thus completely comparable conditions did not exist through- 
out the investigation. However, most of the data used are 
from the observations of the last two mentioned years during 
which time the plate arrangements differed. Thus one 1950 
and 1951 conditions are referred to as plate arrangement 
A and B respectively. Results are recorded according to 
the particular plate arrangement of the pasteurizer and thus 
are indicative of the particular conditions for that year. 

To provide various thermal treatments, in the range of 
Aver ipasvenes eats én. the pasteurizer was modified by varying 
the holding tubes, which were carefully sloped upwards to 


' prevent entrapment of air. 
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(b) Source of Milk 


The milk, ranging from 2.7 to 4.0% fat content, was 
supplied from the milk storage tank of one of the local 
dairies. The milk at the lower end of this range was rather 
low in milk fat for mixed milk from a number of herds but is” 
accounted for in part at least by the “pet renee of Holstein 
cattle in the Edmonton milk shed. There may have been occasions 
when the milk in the storage tank was largely from one herd 
as the selection and shipment of the milk was not supervised 
beyond the request that it be taken from the storage tank 


in order to give better assurance of average milk. 


(c) Sampling Procedure 


The pasteurizer was ee on water until the operating 
conditions were stabilized and the timing and flow rate 
measurements completed. The water was then displaced with 
milk and the heat-treatment of the milk proceeded with. The 
temperature Me the heat-treatment was lowered to the lowest 
temperature necessary for that particular series and then 
gradually raised to the maximum temperature desired. Samples 
for phosphatase and creaming tests were taken off the cooler 
seetion at. 4.0°-L5°F. .The time for the milk to flow from the 
indicating thermometer location, at the end of the holding 
tube, to the outlet of the cooler was determined and this time 
interval was employed to set the time of sampling at each 


temperature interval studied. 
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(d) Timing Measurements 


All flow-time measurements reported in this study were 
made with the salt test when operating the pasteurizer on 
tap water, employing essentially the method as outlined by 
Fay and Fraser (1943). The measurements were made just prior 
to heat-treatment of milk in each trial. At first the elect- 
rodes were mounted in rubber stoppers that were fitted into 
openings at the upstream end of the holding tube, the down- 
stream end of the holding tube, the pasteurized milk entrance 
to the regenerator and the cold pasteurized milk outlet of 
the pasteurizer. Fourteen gauge copper wire electrodes were 
2mm. apart and 2 em. long as recommended by Jordan et al 
(1949). Later electrodes recommended for the 3A* Standard 
Method for Determining the Holding Time of HTST Pasteurizers 
by Means of the Salt Conductivity Test (1950), were used | 
wherever possible. No differences were observed in the timing 
measurements when these electrodes were compared. The saturated 
salt solution was injected manually in 40 ml quantities, 
through a spray type nozzle to avoid impelling the solution 
in the direction of flow. All time intervals were measured 


manually with a stop-watch. 


- *Formulated by the International Association of Milk and 
Food Sanitarians, the United States Public Health Service 


and the Dairy Industry Committee. 
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Electrodes of 32 gauge sheet tin, insulated with 
Minnesota Mining and Manufacturing Company special electrical 
tape No. 33, were inserted between toe plates for measuring 
flow-times between selected points. These electrodes were 
found to be as sensitive as the regular electrodes previously 
described. Some difficulty was experienced in preventing 


short circuits because the space between the plates was only 


1-2 mm. 
(ee) Befinition of Terms 


Rate of flow:- the pounds of milk or water delivered within 
a given time measured with a stop watch, the time being 
usually 5 minutes and from this the rate, in pounds or 
gallons per hour, is calculated. 

Holding time:- the flow-time measured from the outlet of the 
heater to the location of the indicating thermometer and 
controller-bulb at the end of the holding tube. The 
holding times reported refer to calculated milk holding 
times unless otherwise stated. 

Pipeline time:- the flow-time measured from the outlet of 
the heater to the pasteurized milk inlet to the regenerator. - 

Control time:- is the measured time during which the medium 
Pidadedbellon the controlled temperature. 

Milk flow-times:- are calculated times found by multiplying 
water flow-time by the ratio water flow-rate to milk flow- 


rate at the same pump setting. 
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Creaming index:- the numerical figure obtained by dividing 
the cream volume in percentage by the milk fat content of 


the milk in percentage. 


i 


(f) Phosphatase Inactivation 


Because of its accuracy the phosphatase test as developed 
by Sanders and Sager (1947) was used in all determinations 
of phosphatase, with no perecne deviation from their method 
as laid down by the Association of Official herieulvaral 
Chemists (1948). Color transmission was measured at 600 mu, 
using an Evelyn photo-electric uoleniacven with 10 ml tubes. 
The quantities of phenol, after consideration of the controls, 
were read directly from a standard transmission-concentration 
curve prepared with known amounts of phenol. All samples | 
were tested the day following the heat-treatments and were 
stored in the interval between sampling and testing at a 
temperature of 40°F. A negative phosphatase test indicating 
pasteurization of milk is signified by a phenol level of 2 mmg 
per O75 mlof milk which is equal to 4 p.p.m. of phenol. 
In this investigation the procedure adopted by Sanders and 
Sager (1948) of reporting phosphatase activity as units of 
phosphatase rather than the concentration of phenol in p.p.m. 


was followed. 
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(¢) Creaming Measurements 


Cream volume measurements were all made in duplicate 
on 100 ml of milk in 100 ml graduated cylinders. The milk 
as taken from the cooler outlet of the pasteurizer was 
poured into the measuring cylinders, leveled at the 100 ml 
mark, and placed in ice water. At the end of 4 hours and 
24 hours the cream volume was measured with calipers and 
recorded in percentage. After the 4-hour reading the 
cylinders were maintained at 40°F. until the 24-hour reading. 

The cylinders were carefully selected and only those 
with an accuracy within =0.5 ml were used. 

The control or activated sample was heated to 140 oe 
momentarily and then cooled quickly to 45°F. through a 
copper coil suspended in ice water. 

The 24-hour creaming measurements only are reported as 
it has been shown by Millenky and Brueckner (1941) that the 
cream volume of milk pasteurized in HTST pasteurizers reaches 
a maximum in 2h ea 

In the present study, on significant cream volume 
destruction, the cream volume in percentage is revorted. 
This procedure was also adopted by Holland and Dahlberg 
(1946). For graphic presentation it was considered that a 
reduction of 1 ml in cream volume was sufficient to indicate 
definite destruction of creaming ability. This represents 
a change of 1% in the cream volume since 100 ml graduates 


were used. 
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(h) Temperature Measurements 


All thermocouples and indicating thermometers were 
calibrated against a thermometer graduated to OL1°e: and 
certified by the Physics Division of the National Research 
Council to 6.61 €.°  All temperatures reported herein are 
corrected to the nearest 0.1°F. on this basis. 

Temperatures between the plates were calculated from 
readings of thermocouples of Leeds and Northrup copper and 
constantan wires held between the plates at a constant 
distance of 2 inches from the peripheral rubber gaskets. 
Insulation for the wires was provided where required and care 


was exercised to minimize interference with liquid flow. 


II. Results 
(a) Performance of the Experimental HTST Pasteurizer 


(2) Holding Tube Difficulties 

The first holding tube provided with the pasteurizer 
consisted of a vertical U-tube extending downward from the 
outlet of the heater section at the top of the pasteurizer 
to the flow diversion valve. Calculated holding times for 
milk in this holding tube, based upon water flow measurements, . 
were in the neighborhood of 7 seconds when the pasteurizer 


was operating at approximately its rated capacity. Thus the 


pasteurizer did not meet the specified holding time requirements. 
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Further investigation showed that considerable air was 
entrapped in this U-tube, which was, therefore, modified to 
eivela gradual rise or slope to the line thus: preventing any 
entrapment of air in this section of the machine. Calculated 

milk holding times could then be varied oe the range 


15-16 seconds. 


(2) Air Pockets 

The plate heat-exchanger and pipeline accessories other | 
than the holding tube also offer many possibilities for 
entrapping air. It seems probable that air locks may influence 
the non-holding pasteurizing time in a manner similar to 
their effect in the holding cube. This aspect of the eee bea 
of HTST pasteurization was investigated further by making 
temperature measurements with thermocouples at the edges of 
the plates. Whenever the liquid entered the plate section 
at the top, it appeared that air would rise and block off a 
section of the plate to the downward flowing liquid. Thus, 
eee on of the plate would be considerably higher in 
temperature because of the llack ef cireulatzon. This was 
shown by observing temperature differences across the plates 
of as high as 38°F, When the liquid entered the plate 
section at the bottom then no air pocket would accumulate 
because the rising liquid would force the air out of the 
SeCvulon. tudasade of this was indicated by temperature measure- 


ments being the same at selected points across the plates. 
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Figure. 2/iilustreaves the deposit of milk stone, ete. , 
that accumulated on the first two plates, first pass, in the 
heater section. This accumulation was allowed to gather over 
a considerable period of time using plate arrangement B. 

An examination of the plates clearly establishes two areas; 
the area of deposit and the relatively clean area probably 
produced by the turbulence of the Plowing liquid. Thus 4 
relatively quiescent pocket is established in this particular 
section of the pasteurizer. It is believed that, when the 
pasteurizer is operated on milk, this area is occupied by 

a foam and, thus, the excessive heat would ‘cause the "baking 
on" of milk solids, resulting in the diagram displayed on 


the photographed plates. 


(3) Leak Through Flow Diversion Valve 

The Taylor Flow Diversion valve, model 39VJI, with which 
this pasteurizer is equipped, has a milk-tight but ungasketed 
diversion port. During the course of the trials water 
leakage past this port was observed to be as high as 2.5% of 
the total flow. This leakage was collected and added to the 
regular flow in all water flow-rate measurements. No leakage 


was observed when milk was being pasteurized. 


(4) Time Required to Stabilize 

When the pasteurizer was operated on water it was 
observed that there was a gradual decrease in the capacity 
fared a point of stability was reached. This is shown by 


the following typical results of changing flow rates observed 
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during five different trials:- 


Time - Min. Flow rates in pounds per hour 
5 810 942 906 83h 960 

alge alia BOL eso, 276. 62h ke 

18 798 930 S76 §22 92k 
2h, 792 930 876 S16 92h 
ae 792 G2, 876 816. Ole 

13 792 92h -— $16 936 


Therefore, the pasteurizer was operated for a period of time 
not less than 30 minutes, before any timing measurements were 
made. No attempt was made to determine the cause of this 


diminishing rate of flow. 


(5) Pumping Difficulties 

The Waukesha positive displacement pump provided with 
the HTST pasteurizer presented many difficulties in pumping. 
However, after several rearrangements of the plates, many 
of the earlier observed difficulties were overcome. Since 
air leaks on the suction side had a marked effect on pumping 
efficiency it became necessary to prime the pump whenever 
a trial was started. once the seals of the pump became wet 
priming was not always necessary. Pressure measurements 
made during operation indicated the pump was operating under 
a head pressure of from 5-6 lbs. while the suction pressure 
was so small that measurements were not possible with the gauges 


' used. 
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(6) Holding Time on Diverted Flow 

Some HTST pasteurizers are equipped with a restrictor 
fitting in the diversion line. iehioar cere of this restrictor 
fitting is to maintain an equal head pressure during the 
operation of the pasteurizer in either forward or diverted 
flow thereby preventing reduction in the holding time. The 
machine under study was not equipped with a restrictor 
fitting and thus holding times for forward and diverted flows 
differed. The following results, made during a normal opera- 
tion, indicate that the water holding time on diverted flow 
is approximately 2 seconds less than the normal holding time 


in the pasteurizer under observation. 


Direction of Flow Holding Times in Seconds 
Forward _ 18.2 “eee 16.2 
Diverted 16,07) (See 715.8 


(b) Water and Milk Flow Rates 


During the course of the study comparative flow rates 
with water and milk were recorded on all trials. The milk 
flow-rate, for each trial, was made at the same pump setting 
as that for the water. The rates of flow were obtained in 
pounds per hour and then converted to gallons per hour. This 
procedure eliminates any difference in capacity due to the 


greater density of milk. Since approximately 75 trials were 
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completed, no attempt is made here to report all the data. 
However, in no trial was the milk Ales less than the water 
flow. The lowest increase in milk flow was 3.7% while the 
highest was 21.1%. This would seem to compare favorably 
with the results of Weber (1947) who reports increases of 
milk over water of from 0 to 25%. 

The fact that the speed of the pump influences the milk- 
water ratio is indicated by Table 1. These data are from 
the trials with plate arrangement A and indicate that at high 
pump speeds the percent increase is low, e.g., 5.1%, while 
at very low speeds the percent increase is high, e.g., 17.1%. 
The reason for such variability has already been explained 
om the differences in viscosity of the two liquids. 

The percent increase in milk flow is not constant when 
the pump is set at any particular capacity on water. The 
data reported in Table 2 were made with plate arrangement B 
and an attempt was made to operate the pump at the same water 
capacity throughout. Increases ranged from as low as 10.4% 
tOgas M@teh as 21.06. Joince the pump speed was not altered 
and since the same relative mised ty,diererence would remain 
fairly constant, it is evident that other factors must also 
afrect the ratio... Weber attributes such variations to several 
factors. Firstly, variations in line voltage will affect 
pump speed and thus vary the ratio. secondly the pressure 


on the plates will affect the load on the pump. However, in 
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these trials the plate pressure was not varied once the pump 
was operating at the desired water capacity. Thirdly, jai 
leaks on the suction side of the pump will cause changes in 
capacity. It is believed that these air leaks, particularly 
at the gasketed edges of the plates, were the major factor 
in varying the milk and water flow ratio. This factor may 
be magnified in pasteurizers of small capacity because gasket 


length per unit volume of liquid is greater. 


(c) Internal Temperature and Time Measurements 


In the interpretation of pasteurization efficiency of 
commercial HTST plants it is important to bear in mind that 
the milk is held at a lethal temperature for an appreciably 
longer period than is indicated by the holding time. Thus a 
margin of safety is provided which is of variable magnitude 
depending upon the particular characteristics of the 
pasteurizing unit. In order to determine times at lethal 
temperatures in the unit uncer study, thermocouples were 
carefully inserted between the plates and observed EMF readings 
were converted to ie However, the plate arrangement for the: 
machine was altered during the course of the observations, 
to obviate pumping difficulties. Therefore, measurements 


are presented here for both plate arrangements A and B. 


Figure 3 shows plate arrangement A while Figure 4 shows 
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plate arrangement B. The overall changes resulted ina 
smaller regenerative section and larger heater section in 
the B arrangement. 

Thermocouple measurements were made on both milk and 
water and no internal temperature differences were measurable, 
Hace, Ene polmt where the medium reached 160°F. was essentially 
the same for water as for milk. However, timing measurements 
had to be made on water and the water-milk ratio was used to 
calculate the corresponding data for milk. 

The two points of particular interest were ONT and 
160°F. When these were determined, timing measurements at 
various locations throughout the pasteurizer were obtained 


and are summariged in Table 3. 


The calculated milk times contained in Table 3 were 
used for constructing the flow diagrams illustrated in 
Figures 5 and 6. The slight differences are caused by the 
rearrangement of the plates. It should be noted that straight- 
line heating and cooling takes place in the regenerative 
section but the heating of the milk in the heating section 
is logarithmic. However, the important observation from these 
figures is that the so-called holding time of the pasteurizer 
studied represents only about 50% of the control time or 
actual time at the high temperature. It may be seen that the 
milk in this particular unit is held at 160°F. for 26-27 


seconds which is in close agreement with results reported by 


id redowoll alae of 28 can ae 


etnonermesem ‘aiid 


og bees aew olds iLim—redew ond bas rede 20: oben ad od b 


; = : 2 Lita sot s3eb. aedbrrogoes nO, aad 9: 


bas Rhone ero seesean ‘sefemsitag ‘be, atokog ows: ost 
79. eisomemue sem gaint bo  bontuneded : ato i ont a 


benistdoa s19w nag iastede 


sn etdet ft bes trensme one bas 


S19, f<eidst is boniganos aemts ithe petslvofso ont 


5 


yale hedart aul aiieage te Wott) veola pelvounseneg 
ont “vd heenso as 269 gore t 9 ata ie alt 48 bas 2 


-drigisise Jedd bo Jon ad p tuorie. on | .Hedstg tite to is 


evider ations’ end mL eoela seday patLoce bate polaaed oat 


no tines ag idnod oid nt Ebi odd to gat tacit, edd 3 | 


ge ods ners Roideviea do dnessogne ott <xevewoll 


. 


10 > ems | forapi09, oie te: ROR dues x 


roe bodes ‘end to: “earks, sn tbLodk bottno~oe od 
pn 


—_ 


yg 


Rowlands (1950). Thus there seems to be a considerable 
factor of safety over and above the timing requirement of 
15 seconds holding. 

The conditions of heat-treatment with plate arrangement 
B are indicated in Table 4, the only variable being the 
pipeline time which was purposely varied im -erder to get 
several different heat-treatments. Therefore, the exact 
conditions of heat-treatment are known for each thermal 
effect studied. However, the lethality of the process, as 
indicated by phosphatase destruction, will also be affected 
by the short heating-up and cooling periods. An analysis of 
these two, thus, becomes necessary and is included in a later 


section. 


(d) Inactivation of Phosphatase 


(1) Rate of Destruction of Phosphatase 

If the rate of destruction of phosphatase in milk is 
a first order reaction as indicated by Van Bever and Straub 
(1943) then a plot of the logarithms of the concentration 
against times at any particular temperature should yield a 
straight line. To determine the characteristics of this 
destruction, various lots of milk were heat-treated in the 
pasteurizer under varying conditions of time. Samples taken 


at various temperatures were analysed for phosphatase activity. 


~ fea oo Yebro “at ‘patie’ 


tosxe egie «onto ont 


to atoviet ok ~2bobt0q, ‘atten mf ia fh 4 


oustedqeod! to nobsourieot 40 edad ( 


ty 


et iE RE sesdertqaosa t Goidpuaesb ‘te ast ‘ond 
diuerde baw favet fs V a 
soneo oft Io ciuldineaet orld % 


216s 


However, only the results for two temperatures are reported 
hereosance ether temperatures bear less relationship to’ the 
temperature of HTST pasteurization. Results for 158 5°R. aad 
160.1°F. are reported in Table> 5 and are* plotted” im a semi= 
logarithmic manner in Figure 7. The inconsistency of the 
results to form a perfect curve may, in part, be accounted 
for by the fact that each observation for any one temperature 
was made on a different lot of milk. However, from the results 
shown in Figure 7, it appears that as the destruction of 
phosphatase proceeded, the rate of destruction at constant 
temperature is very rapid at first and diminishes to a 
relatively very slow rate. This conforms to observations by 
Sanders arid Sager (1948) eae Hetrick and Tracy (1948) who 
report a similar deviation from a semi-logarithmic relation- 
ship. 

Further observations on the characteristics of phosphatase 
destruction were determined by heat-treating milk in the 
pasteurizer under varying conditions of temperature but 
relatively constant time. The first observations were made 
with plate arrangement A and the results of phosphatase des- 
truction are reported in Table 6. When the apparatus was 
altered to plate arrangement B the experiments on destruction 
of phosphatase were repeated and are reported in Table 7. 

In Figures 8 and 9, the temperatures and average phos-— 


phatase values of Tables 6 and 7 are shown plotted on the 
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arithmetic and logarithmic scales respectively. The curves 
in both figures deviate from a straight-line course in a 
direction that indicates a marked decrease in the rate of 
inactivation as the temperature is increased, i.e., the rate 
of destruction of the enzyme by heat is most rapid at first 
ree diminishes greatly as the concentration of active enzyme 
is reduced. 

Theseurves 1a Figures 8 and 9 both show the deviation at 
a temperature of approximately 158.5 °F, At temperatures 
below this there is considerable similarity between them. A 
the temperature of 158.5°F. the concentration of residual 
phosphatase is 0.8 units/O.5 ml milk aS Figure 8 and 0.9 units/ 
O.5 ml milk in Figure 9. Assuming an original raw milk 
concentration of 1000 units/0.5 ml milk, which is approximately 
the concentration according to Sanders and Sager (1948), 
these degrees of destruction would represent 99.92% and 99.91% 
respectively. This represents a destruction considerably 
greater than the 99.6% used by Andersen (1949) or Kay and 
Graham (1935), who thus. would not encounter the deviation 
from the straight line course of destruction. 

When 2 units of phosphatase/0.5 ml milk are considered 
the end-point, then inactivation is attained at 15787 ue ror 
both plate arrangements. This point is examined further in 
another section of this report. However, from this observation 
it appears that the pasteurizer, when operating at 161°F. 
and 15 seconds holding time, must provide a thermal treatment 
considerably above that necessary to inactivate phosphatase 


to the degree called for by the Official Test. Thus the 
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holding time must only be a portion of the control time or 
actual time of heat treatment. On analysing the holding 
conditions throughout the thermal process this is confirmed. 
The following were the times required for the milk to flow 


through the various sections while at the overating tempera- 


Ure :- 
Plate Plate 

Arrangement A Arrangement B 
Heater section 3.5 seconds 4.2 seconds 
Holding tube 15.6 seconds 15.7 seconds 
Flow diversion valve 7.0 seconds 7.0 seconds 
Regenerator 0.3 seconds 0.8 seconds 
Total 26.4 seconds 27.7 seconds 


This is reese ed as further evidence that the holding time 

is only a portion of the actual time at the higher temperature. 
The phosphatase test, of course, is a measure of the total 
thermal treatment and thus with a control time of approxi- 
mately 27 seconds it is expected that the desired inactivation 


to..2 units/0.5 ml milk would be attained at approximately 


Lib Fok 


(2) The Required Temperature-Time Combination 
The results obtained on the rate of phosphatase des- 
truction indicated that inactivation to 2 units/0.5 ml milk 


was reached at a temperature between 157° to 158°F., when the 
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holding time in the pasteurizer under study is 15 seconds. 
This temperature was verified by heat-treating each of 2 
milks over the very narrow temperature range L5763° “to 
158.1°F. The temperature was slowly raised through this 
range, samples for phosphatase tests being taken at regular 
intervals, and then lowered and the procedure was repeated. 
The results are reported in Table 3 and Figure 10 which shovs 
imactivation at 157.6°F. The holding times in this aries were 
in the range 16.19 to 16.28 seconds which is slightly longer 
than the previously reported average holding time of 15.57 
seconds for 10 trials. From this observation it appears that 
when the pasteurizer is operated at a temperature of eee 
HOL°FA and a, holding time of 15-16 seconds, as called for 

by different regulations, a considerable margin of safety is 
provided when reliance is placed on the phosphatase test. 

To further illustrate the effect of heat-treatment on 
milk phosphatase the speed of the pasteurizer pump was increased 
to give various capacities above the normal capacity which 
gave a holding time of 15 seconds. The results of these 
flow-rate increases are recorded in Table 9 and Figure 11 and 
they show that inactivation was effected at a temperature 
of 159.7°F., when the holding time was only 10.85 seconds, 
i.e., the capacity of the pasteurizer could be increased 
60% and still produce phosphatase negative milk. This ob- 


servation not only lends weight to the accumulating evidence 
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that the so-called holding time is only a fraction of the 
total indeeirae ing time but engenders greater confidence in 
this method of pasteurization. 

In order to appreciate the thermal effect of the 
Boe teer izeeoon milk phosphatase it is necessary to know the 
heat stability characteristics of the enzyme, in the range of 
HTST pasteurization. This problem was investigated by 
modifying the pasteurizer as previously noted. The shortest 
thermal treatment possible was provided by assembling a 
pipeline which lead directly from the outlet of the heater 
section to the inlet of the regenerative section. Then, in 
order to ee conditions of time, this pipeline was 
increased. In all, seven different pipelines were assembled 
while the other conditions of heat-treatment were as heretofore 
noted. These pipelines provided control times of from 10.9 
to 79.2 seconds. The effect of varying control time is 
indicated in Table 10, the units of phosphatase indicating the 
amount of active phosphatase present after the particular 
peso ecements 

pinee 2 units of phosphatase/0.5 ml milk represent 
phosphatase inactivation, tne data in Table 10 were analysed 
to determine the conditions necessary for this destruction. 
Columns 2 and 3 of Table 11 contain the experimental measure- 


ments of the control time and- temperature respectively at 
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which the phosphatase was inactivated to the required end 
point. However, the control time does not measure the inacti- 
vating effect of the heating-up and cooling intervals. The 
inactivating papers of these intervals was calculated by the 
method proposed by Ball (1943) and the results are shown in 
columns 4 and 5 of Table 11. The following equation, which 

is applicable to a semi-logarithmic heating rate and straight 


jine cooling rate, was employed in this calculation: 


Copa =U - 0.01 Btop - 0Q.O1 Anton 
Log«(HT.-.1T).+.1 HT - FT 
where copa = time milk is held at inactivation temperature, 


HT in seconds. 
U = time necessary to inactivate phosphatase at 
holding temperature in seconds. 
Band A, = arbitrary constants. 
Spl time consumed in rise of temperature of milk 
in. seconds. 
HT = holding temperatures of pasteurization process. 
IT..= initial temperature.of, milk. 
FT = final temperature of milk after cooling. 
The second and-third terms in the right hand member of the 
equation express as equivalents the inactivating value of the 
neck torte and cooling intervals. Hquivalent means the seconds 
of holding at the control temperature, HT, which would have 


the same inactivating effect. 
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In°the application of’ this procedure to the sterilization 
of canned foods Ball uses the temperature of 170°F., which 
is 80°F. below the retort tenperature, as the minimum lethal 
temperature. He stresses that a temperature having lethal 
effect should be selected, but it should be so chosen that 
only an insignificant lethal effect will occur at temperatures 
below it. In applying the method to the data of this investi- 
gation, the minimum holding temperature for LTLT pasteurization, 
1 30 Bes was selected as the initial and final temperature, 
as it satisfied these conditions. Arbitrary constants used 
in the equation were chosen according to the procedure outlined 
by Ball. The intervals tpp and te, were measured on an 
enlargement of the heating-up and cooling divisions of 
Figure 6. 

The heating-up equivalents for the intervals between 
liye alin and the various inactivation temperatures, as tabulated 
in Table 11, illustrate clearly the importance of ‘these 
intervals as the inactivation temperature approaches the 
region of HTST pasteurization. It is evident that at high 
temperatures, where the treatment time is short, the heating 
up equivalent may account for a large percentage of the lethal 
or inactivating effect. The equivalent of the cooling 
interval indicates that its inactivating effect is of much 
less significance than that of the heating equivalent and also 


that its magnitude is quite uniform between 160.7°F. and 153. 3°F. 
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The uniformity of the cooling equivalent in this narrow 
temperature range is understandable when the interval, only 
approximately one second because of the rapid straight line 
cooling, is considered. The summation of the control time 
and the heating-up and cooling equivalents is the inactivation 
time for each inactivation temperature. The values in the 
last column of Table 11 represent the inactivation time, at 
each temperature, if the heating-up and cooling were instan- 
taneous. They are the values of U for each inactivation 
temperature. 

inj fagurey12,«thenUnvalues;are, plottedson.semi-logarithmic 


scale. The equation for this inactivation curve is:- 
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temperature in CF.seand 

t = time in seconds. 
The Z value is 9.7°F. In Figure 13 this curve is shown by 
line A and is compared with eurve B which is based on the 
control time only at each inactivation temperature and thus 
excludes the heating-up and cooling periods. Curve 3B is 
alse a:best.fit line’ withthe equation: T-=.170.47 - 8.89 log .t 
and has a Z value of &8.9°F. These curves illustrate clearly 
the effect of the addition of the heating-up and cooling 
equivalents in the calculation of a phosphatase inactivation 


curve. 
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The straight-line course, as indicated in Figure 13, of 
the temperature-time inactivation curves conforms with results 
obtained by Sanders and Sager (1948). Holland and Dahlberg 
(1940), Kay and Graham (1935), Lear and Foster (1949) and 
Hetrick and Tracy (1948) also report a similar straight-line 
iaaechineien curve. The Z values for the curves produced 
by these various authors establishes a range of from 8.28°F. 
to 9°F. with Kay and Graham's the only deviation at Z = 
Te) Bins 

The 16.8 seconds required at 160°F. for inactivation 
is considerably less than that reported by several of the 
above mentioned authors. iIMost of the differences can be 
accounted for by the methods of analysis, the apparatus 
employed and the end point used to indicate inactivation. 
However, since Sanders and Sager employed similar methods of 
analysis and the same end point then some uniformity should 
exist. The fact that they require 24 seconds for inactivation 
at 160°F. is hardly in agreement with the 16.8 seconds esta- 
bitshed-by this investigation.’ .-If an end point of 2 units 
ait phosphatase/0.5 ml milk is used in the analysis of Hetrick 
and Tracy's (1948) results then approximately 15 seconds 
are required at 160°F. to produce the desired inactivation. 

In Table 12 the percentage values of the inactivation 
effect of heating-up and cooling are summarized. ‘These 


values were obtained by applying the following equations:- 
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where Pp and Day = percentage of the required inactivating 
heat contributed by the heating-up and cooling intervals, 


respectively. 


(3) Variability of Phosphatase Results 
Two samples of heat treated milk were each analysed six 
times to determine the reliability of the phosphatase test. 


The following phosphatase concentrations were obtained:- 


Milk #1 Milk #2 
4.20 units/0.5 ml 3.96 units/0.5 ml 
B432 tt 1? it Big12 tt 1? i 
3 #3 2 1? ‘t 1! 3 Bala) 't t! tt 
3432 ? 1? 't 2S i? ‘? sant 
LesO6: '? ? if Bre 1? 1? rh 
oye toy Ma mands Uk 3.08 1! fh at 


An analvsis of these concentrations establishes the following 


results:- 


Milk #1 Milk #2 
Average 2.65 umaats/O.5 m1 BO units/0O.5 ml 
Standard Deviation Oes7 ee ev G.36 , = non 
Probable Error O45 |)" nah HO ea to 


iomece en Vardability (3,324.20 " * 2 oGh- B90 ae 


The data reported in Tables 6 and 7 were obtained under 
relatively similar conditions of heat treatment. Therefore, 
these 16 trials were each analysed for the temperature 
necessary to provide the desired inactivation. The last 
€olumns in Tables 6 and 7 contain the required inactivation 
temperatures for each trial. An analysis of these tem- 


peratures indicates the following results:<= 


Average 157.67 
Standard Deviation ©. 2008. 
Probable Lrror 101308: 


Range of Variability 157.36-158.00°F. 


(e) Impairment of Creaming 


(1) Rate of Destruction of Creaming Property 

In order to determine the rate of cream volume destruc- 
taon, under the conditions of plate arrangement A, the 
impairment of creaming was measured in the temperature range 
155.8°F.-164.9°F. These measurements are reported in Table 
13 where the creaming indexes for a series of trials witha 
holding time of 15 seconds are shown. for purposes of 
illustration the averages of the results are plotted graphi- 
cally in Figure 14 which shows the decrease in creaming 
indexes. In this figure lines A and B represent 1 and 2 


percent reductions in cream volume respectively. 
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The results show that there is a gradual decrease in 
the creaming index starting at the lowest temperature, 155.8°F. 
At Me eae i, the cream welume has been reduced 1% and a cream 
volume reduction to a level of 2% does not take place until 
160.1°F. is reached. However, it is doubtful if a cream 
volume reduction of 1 to 2 percent is commercially signifi- 
eant. According to Millenky and Bruechner (1941) a 2% 
reduction is insignificant cone ce when 4% milk was 
compared in American quart bottles. Marquardt and Dahlberg 
(193i) report that a 0.2 change in the creaming index is 
Sienuiieans ler experimental conditions. Holland and Dahlberg 
(1910) used an end point of 1% change in the cream volume, 
However, they stress that such a change would not be detect- 
able by the consumer. 

The nature of the curve in Figure 14 seemed to indicate 
that the rate of destruction of creaming property, as: illust- 
rated by the creaming indexes, does not decrease at a constant 
rate. Therefore, the data used to construct Figure 14 were 
plotted on semi-logarithmic paper and the resulting curve is 
Shown in Figure 15. With the exceptien of 155.8°F., the 
changes in creaming indexes form a straight line relationship 
with changing temperatures, when the holding time is 15 seconds: 

The small change at 155.6°F. may have been due to factors 


other than heat affecting the creaming property of the milk. 
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Between the relatively high temperatures of 156.8°F. and 
164.9°F. the influence of heat, on the destruction of creaming 
property, appears to proceed at a rate comparable to that of 


4a monomolecular reaction. 


(2) The Required Pompe Papi ane Combination 

The impairment of creaming in the temperature range 
of HTST pasteurization, was investigated at the same time 
as phosphatase was being studied. Thus the pasteurizer 
modifications previously noted are also applicable to the 
data on creaming. The effect of varying control time and 
temperature on the cream volume is indicated in Table 14. 
Sinee a change of 1% in the cream volume has been chosen to 
indicate significant destruction the data in Table 14 were 
analysed to determine the conditions necessary for this 
destruction. Columns 2 and 3 of Table 15 contain the experi- 
mental measurements of the control time and temperature res- 
pectively at which the creaming was destroyed to the selected 
end point. However, as already noted under Inactivation of 
Phosphatase, the control time does not measure the inactivating 
or destructive effect of the heating-up and cooling intervals. 
The destructive effect of these intervals on creaming was 
calculated by Ball's method (1943), which has already been 
used in reporting phosphatase destruction. The calculated 
results for nee ede ae and cooling, expressed as equivalents, 


are shown in columns 4 and 5 of ‘Table 15. These equivalents 
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again illustrate clearly the importance of the heating-up 
and cooling intervals as the temperature approaches the 
region of HTST pasteurization. 

The values in the last column of Table 15 represent 
the destruction times, at each temperature, if the heating- 
up and cooling were instantaneous. They are the values of U 
for each temperature and in Figure 16 these values are 
plotted on semi-logarithmic graph paper. The equation for 
this destruction curve is:- 


ag 


17,60 = LAs) log t 


where T = temperature in °F. and 

t = time in seconds 

The Z value of this curve is 12.4°F. In Figure 17 this curve 
is shown by line A and is compared with curve B which is 
based on the control time only at each destruction temperature 
and thus excludes the heating-up and cooling periods. Curve 

B is also a best fit line with the equation T= 172.93 = 11.hg 
log t and has a Z value of 11.5°F. These curves illustrate 
clearly the effect of the addition of the heating-up and 
cooling equivalents in the calculation of a destruction curve. 
‘Figure 16 establishes that 15.02 seconds are required at 160°F. 
for destruction of creaming property. This is considerably 


less than the following reported observations:- 


Holland and Dahlberg (1940) 2h.6 seconds 
Marquardt and Dahlberg (1931) 22.2 seconds 


Dahlberg (1932) 19.8. seconds 
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(3) Variability of Creaming Results 


In order to determine the reliability of the method 
used for determining cream volume, 12 replicas of one sample 
of milk were measured. The following cream volumes were 


obtained:- 


9.75 mis ges mill 


9.75 ml 10.00 ml 
Fie 7 >) ua: 9.75 m1 
9.75 ml 10.00 ml 
10.00 ml 9.75 ml 
oo ml 927) mr 


An analysis of these measurements establishes the following 


results:- 


Average 9.51 mi 


Dbuandard Deviation OL mi: 
Probable Error £0.07 me 


Range of Variability 9.75 - 10.00 ml 


Under conditions of plate arrangement A and B and 15 
seconds holding time, the following temperatures were re- 
quired to produce the desired change of 1 per cent in the 


cream volume:- 


Bi 


‘s 


Pa 


Plate Arrangement A Plate Arrangement B 


trial No. Temperature OF, trae No. 


Temperature OF. 


hy 70 9 15529 
> By SS 10 Loe 
6 ee 7 20 155.9 
7 156.6 21 157.0 

10 155.8 Zo 155.9 

12 159.0 23 156.5 

13 157.2 2h, yin 

21 158.7 | 

22 158.4 


An analysis of these temperatures establishes the following 


results:- 


Average 156.9°R, 
Standard Deviation O'R. 
Probable iHrror TO, 7ome 


Range of Variability 


15578 = see FF. 
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DISCUSSION 


HTST pasteurization is enveloped in not a little con- 
fusion resulting from ignorance of the precise thermal death 
time of the tubercle organism at the higher temperatures. 

When 160°F. for 15 seconds is adopted as a standard, a 
reasonable factor of safety above the thermal death time of 
M.;tuberculosis.is, presumably included. But there.is still 

a disturbing element of conjecture about the lethal properties 
of heat in relation to the tubercle organism at this tem- 
perature. The extent of the supposed factor of safety is, 
therefore, unknown. 

Although a number of investigators have studied phos- 
phatase inactivation and destruction of creaming property at 
the higher temperatures, the results are conflicting. Not 
only are different temperature-time combinations reported but 
the Z valves of the inactivation and destruction curves vary. 
Most of the studies are based on heat-treatment of milk in 
Laboratory apparatus of the immersed coil type which generally 
have several disadvantages. 

The plate-type HTST pasteurizer used in this investigation 
offers certain advantages over the laboratory-type heat- 
exchanger but has the disadvantage of fairly long heating-up 
and cooling periods. This is, however, off-set by the ease 


with which accurate temperature and time measurements may 
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be made at will at any point throughout the apparatus and 
tends to be minimized if the effect of heating-up and cooling 
can be accurately calculated. Further, this pasteurizer is 
comparable to other larger commercial paeteurizer- and, 
therefore, most of the results are probably indicative of 
commercial HTST pasteurization. | 

The various sections of the HTST pasteurizer studied 
offer many possibilities for entrapping air. It seems probable 
that these air locks may influence the control time ina 
Manner similar to their effect on the holding time. Further, 
the timing of these machines, by the salt conductivity method, 
necessitates measurements being made on water and then cal-~ 
culating the corresponding time for milk by observing the 
milk-water ratio which doesinot appear to be constant under 
relatively similar conditions. There is no purpose in specify- 
ing a holding time unless it is maintained. Its maintenance 
is assured only if air is not permitted to be entrapped in 
the holding tube. This and other investigations have shown 
that entrapped air not only shortens the holding time but 
gives it an Map ode anil Variability. A sloping holding 
tube can prevent air locks in this section thereby eliminating 
its influence on holding time. This point receives heavy 
emphasis in American control of HTST pasteurization but appears 
to be largely ignored in Canada. It would seem that more 
rigid control of the slope and timing of holding tubes is 


desirable in this country. 
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The fact that phosphatase is not inactivated at 160°F. 
for 15 seconds while these pasteurizers turn out a phosphatase 
negative milk simply means that the holding time is only a 
portion of the total time of heat-treatment at temperatures 
sufficiently high to inactivate the enzyme. The total 
pasveurizing or control.time is, therefore, of great im- 
portance. Figures 5 and 6 establish that the holding time 
for the pasteurizer under investigation is only 59.9% and 
56.8%, respectively, of the control time. The phosphatase 
test is a measure of this control time plus the inactivating 
effect of the heating-up and cooling intervals,not a measure 
of the holding time alone. The fact that the holding time 
is, only a portion.of the control time.is further illustrated 
by the fact that the experimental pas eee could be 
operated at 60% above its rated capacity.and still produce 
phosphatase negative milk. | 

Although fairly sensitive methods of measuring for 
phosphatase have been devised, no comparable method has as 
yet been imp reduced to determine cream volume impairment. 
The method of measuring cream volumes in graduated cylinders 
offers only a relative comparison to the more accurate pro- 
cedure used for phosphatase determinations. However, results 
established by this investigation indicate that destruction 
of creaming property is similar to the effect of heat on 


phosphatase. Therefore, in the range of temperatures employed 
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in HTS? pasteurization, some pee oneeeie effect must have been 
contributed by the heating-up and cooling periods in a manner 
Similar to their effect on phosphatase. 

In Figure 18 curves A and B represent the temperature- 
time relationships for phosphatase inactivation and impairment 
of creaming, respectively. These curves indicate that at 
temperatures below 162.2°F. the creaming Property Of Mik ws 
destroyed before phosphatase is inactivated and the Z value 
for creaming impairment is greater than the Z value for 
phosphatase inactivation. At 160°F. 16.8 seconds are required 
to inactivate phosphatase to the desired end point, while 
15.0 seconds at the same temperature are required for the 
specified impairment of creaming property. These values tend 
to be considerably lower than the corresponding values reported 
in the literature. | 

Tables 12 and 16 establish that at the temperature of 
HTST pasteurization considerable heat effect is attributed 
to the heating-up and cooling intervals. For phosphatase 
these intervals combined provided 16.93% of the total 
inactivating time at 160.7°F. and decreases to only 0.81% 

Sc @5e75°". “For creaming ape enent the figures are 18.19% 
ae leOml mw, and 0.96% at 15.3°R. 

In order to insure a minimum temperature of 161°. in 
HTST pasteurization the flow diversion valve is usually set 
to divert when the temperature drops:-below 161.5°F, There- 


fore, it’ is necessary in practice to operate the pasteurizer 
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Suificiently in excess of this temperature to avoid frequent 
diversion valve operation. AG Wels B. the data in Tape 17, 
show cames) of 12.7 and 11.3 secondS required for inaétivation 
and destruction of phosphatase and creaming property res- 
Beetively. ithe control time, symbol G, Figure 6, 1s 27.7 seeomde 
when the holding time is 15.7 seconds. The addition of the 
heating-up and cooling equivalents would give a time of 
approximately 30 seconds at the control temperature, 16145 8% 
The HTST pasteurizer studied in this report, therefore, 
provides a heat-treatment considerably in excess of a 

minimum standard of 161°F. for 15 seconds. 

The weight of evidence presented in this report is, that, 
within the temperature range investigated in the experimental 
pasteurizer, M. tuberculosis would be killed before phos-_ 
phatase is inactivated. Thus, it might appear that the 
phosphatase test is an adequate sole control of the process. 
However, the phosphatase test is insensitive to minute 
amounts of raw milk and its performance should be the 
responsibility of a trained chemist. In consequence, there 
would seem to be good reason for a specified holding time 
of 15 seconds at 161°F. but little evidence to substantiate 
increasing this to 16 seconds at the same time. 

The fact that creaming property is impaired before 
phosphatase inactivation forces the operator to adopt an 
arbitrary reduction value as being commercially insignificant. 


such a value will vary with such things as the type and 
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composition of the product, the market requirements and the 


final container, and ean be determined only by the trial 


and errer method. The preblem,is, therefore, complex and 


16 25 doubtful if it can be used as a satisfactory field 


econurol of HIST pasteurization. 


SUMMARY AND CONCLUSIONS 


As a result of this study the following conclusions 


apply to the pasteurizer studied: 


i. 


When the HTST pasteurizer was operated under conditions 


ceiving 15.6 seconds holding time phosphatase was in- 
activated at 157.7°F. Increasing the capacity 60% 
still produced phosvhatase negative milk when operating 
at oO i. 

The thermal treatment provided by the holding tube in 
the HTST pasteurizer studied is only approximately 

50% of the total thermal treatment provided. 

The Z value of the phosphatase inactivation curve, 
including the evaluation of the effect of the heating- 
up and cooling intervals, is 9.7°F. which is outside the 
range of Z values previously reported. Exclusive of 
this effect the “4 value is 8.9°F. which is within the 


range of those Z values previously reported. 
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Phosphatase cannot be inactivated without an accompanying 
creaming impairment. Inactivation can be effected, 
however, without a creaming loss that is commercially 
prohibitive. 

The Z value of the impairment of creaming curve, in- 
cluding the evaluation of the effect of the heating-up 
and cooling intervals, is 12.4°F. Exclusive of this 
effect the Z value is 11.5°F. 

At 161°F., the present legal minimum for HTST pasteuri- 
gation in seven Canadian provinces, phosphatase is 
inactivated in 13.3 seconds while the cream volume is 
impaired in 12.5 seconds. At 160°F. the corresponding 
times are 16.8 seconds and 15.0 seconds. 

(a) The heating-up interval from 143°F. to 160°F. is 
3.4 seconds. The thermal effect of this interval on 
phosphatase inactivation is equivalent to 2.0 seconds at 
160°F. and it accounts for 12.16 percent of the inacti- 
vation time at this temperature. At 152°F. the equivalent 
effect of the heating-up interval is 0.4 seconds and 
this represents only 0.4 percent of the inactivation 
time. 

(b) For impairment of creaming the heating-up interval 
to 160°F. is equivalent to 2.2 seconds and it accounts 


for 14.66% of the destruction time at this temperature. 
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At 152°F. the corresponding data are O.44 seconds and 
0.7 percent. 

(a) For phosphatase inactivation the cooling interval 
from 160°F. to 143°F. is the equivalent of 0.19 seconds 
at 160°F. accounting for only 1.18 percent of the 
inactivating time at this temperature. At 152°F. the 
equivalent effect of the cooling interval is 0.18 
seconds and this represents only 0.2 percent of the 
inactivation time. 

(b) For impairment of creaming this interval is equi- 
valent to 0.3 seconds at 160°F. and it accounts for only 
1.64 percent of the destruction time at this temperature. 
At 152°F. the corresponding data are 0.3 seconds and 

O.4 percent. 

Entrapped air in the holding oaee leads to varied but 
shortened holding times. 

Since the water-milk ratio is not constant under relatively 
similar conditions, it is necessary to determine the 
ratio for each trial when calculating milk holding times 
from the corresponding water eee erencats determined by 
the salt conductivity method. 

There are objections to the use of the phosphatase test 
as the sole field control of HTST pasteurization. 


There appears to be justification for a specified minimum 
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holding time of 15 seconds at a minimum of 160°F. 
The measurement of cream volume destruction does not 


provide a satisfactory criterion of pasteurization. 
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TABLES AND FIGURES 


Table 1 


Comparisons of pump capacity with milk and water” 


Increases 

oN GLP .H. GP .H. Percent 
26 138.4 1h5 oh pel 
25 131.0 138.6 5.8 
2h, 123.0 130.7 6.3 
7 116.0 126.9 Cae 
18 108.0. Le 2 8.5 
19 100.0 il2eh eye 
2 93.0 Viet ie 
20 oyu 105.1 i 2 
88.2 100.6 ibe 
7 8h,.6 oT ih ee 
we 79.8 oon 15.8 
16 76.8 88.4 16.7 
15 75 6 88.4 16.9 
9 72.0 en 3 rifeal | 


*Plate arrangement A. 


3 {3 ae 
want tee De ecemeacen deen 
ee 


. 


Table 2 


Comparisons of pump capacity with milk and water* 


Increases 
Trial as Lee cee 

ie. | Gor als Ba Grae Dd Percent 
iL 81.6 91.5 Ze 

2 1.6 96.5 1.3 | 
3 81.6 93.0 112.0 
: 81.6 Ni93 70 1h..0 
5 Si.€ 92.8 NS a, 
6 $1.6 93 4 sya 
7 Bi 6 93 4 14.5 
g $1.6 93.8 15.0 
9 81.6 93.8 15.0 
10 $1.6 OL kh WED ed 
HLL $1.6 Oh.2 Lor s 
2 81.6 05.4 16.9 
13 e1...6 01.8 Gis 
14 §1.6 94.5 na) 
es $15.6 Dee 15.4 
16 81.6 95.2 ee 7 
7 8222 93.6 13.9 

1s fae © F e0,8 18.6 
19 $1.6 90.1 1Oek 
20 81.6 96.9 18.8 
on 1.6 oe Oe sak. 
22 $1.6 93.0 14.0 
23 S16 || 2)e ha Lhe 
zi 81.6 91.9 12.6 


*Plate arrangement B. 


Table 3 


Internal Timing Measurements 


Plate Arrangement A Plate Arrangement B 


Water Milk* Water Milk ** 
Regenerator 107.0" sec. 8.7 see. Doe See. Lo seer 
(raw milk side) 
Filtering and Pumping Sy Sb. Coa. Seo ee 
NOCH. ee-end of heater 6.2 " yale a CAG) ea Fras ns 
160°F. to end of heater 4.0 " Seo ieee | T eee 
Heater GAO es On ee LOGO. * 982 ae 
Holding tube reve; T2778 bese." 1578 8 
End of Holding Tube to B50 © 70) 6.0 150 78 
Regenerator ection 
End @f Holding Tube to ely ie eae 8.6" Oe 
end of 160°Fr. 
Emde of Holding Tube te* 12.0 " Lock 9.6" S230" 
end of 140°F., 
Regenerator 16.0 |." Sa7 8 See Le a 


(pasteurized milk side) 


“Water flow 87.0% of milk flow. 
*““Water flow 87.1% of milk flow. 


Table 4 


Measured flow time with varying holding tube 


lengths with plate arrangement B5 


Trial Time in Measured Pipe- Time in Control Times 
Run # Heater line Time Regenerator Water Milk 
3 4.8 sec. 6.8 sec. @.8 ‘sec. 1208 see... 10.9 sec. 
L is 8 628" O56." Lah Ml 100 ¥ 
5 ee 8 LY esl Gy 6.6" LOT oe ieee 
6 ee ou edo ee O25 2" LO oa? Lie 
fi feo. Pen A O28: (oa Cellet 23s 
g hee Zuo 0.6 7 27 ae 2356 8 
9 Hee © Bie OLS" 32.5 265 ie 
10 ioe 7 2720" Og 7% 32.60" 25525, 5 
A: Las, B60) F C2858 Lhe" 3607 oe 
die ee 1 BO wee C) eee. ERS i 36g 3m 
13 Eee." Og 6.5% 22.00 3% 16.0 
1h, ee a V6 CoS. 22 oie BSG ae 
5 Leo ™ O5 iki. Ons > % Te O on 6iss5 ae 
16 si Ss ey @.8 ee OM 60.9, 
dy Lest £0.87" 0.8 3 SO.ke (deo ea 
18 Lies. 8 Se aie Ope. S60 2.0 (oe 
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Table 5 


Destruction of milk phosphatase using 
plate arrangement B 


Control Time 
aly 
oveconds 


Units of phosphatase/0.5 ml milk 


1565 Re 


at 


160. Be 


1, .08 
3.22 
0.92 
1é12 
0267, 
0.56 
0.18 
0.24 


pI qr ait 
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Table 8 


Destruction of milk phosphatase with plate arrangement A 


Trial 
Number 


15 


16 


Temperature OF, 


Semple 15703 13 ee Te 

Number 
Units phosphatase/0.5 ml milk 

a B76. 2,68 4 lGGe. G92) ieee 

2 2E725 ooh? a dee al 3 ee 

3 2.32 - 92,68 oles 215) amas 

L TSE C196 Ce Tees em oa Oy eae 

a Ih! 2.63. °° 2:35 eae oe. ule 

2 SLs: 2.76 “ Saumee Lea |e eee 

3 fh tie yen) 252 Ziadie he 5 12k 


Average 2093 248 1.84 1.58 LE Pan 


sO \seedsaqzorg 


O6°l  . c67e  =—T'S «= 0085 00°82 OO ga «00° eo 68° OT 8°65 92 
Wet Ne = 786 COL 00°84. 08"84 ~~ 60" eH GT° Tl €° 2S G2 
OG €G41... @b7k . 06°97 . Octea  00%es= 00" 3: Lo" 1 Orc 12 
eer == os@ = EG" ETT. = LOO. OSs 7 O05 ga LO*CT 6*6€ La 
Ceo  G6°0 -19°7 Gore es°9 “Gh"e “Gore. 16" or 8°82 ST 
HO Oct . °% cee 91° e0°S4 00° e 66° eT 6" 2 6T 
80°0 79°O 90°T = €9°T We°€ G4°S COL VIPS G°ST €Z 
Pome Gre el «= OTST OONte G67 ETL €€°ST SS 1 
PEO = 260 0590 90°  O9°L . 9672 o2°s GL°ST TeEULON Ze 
Comes 7070. 9L°0 - 25°O s2°T zie = oct OL°ST Tew ON €T 
z Lee | aces spuodseq quedted = zaqumy 
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Trial 
No. 


Oo OF oO OF fh w 


Control 
Time 

Seconds 
10.9 
10.9 
17.5 
TTS 
2o=o 
25.9 
28.5 
28.2 
58.6 
38.3 
18.9 
19.3 
61.5 
60.9 
75.9 
73.5 


79.2 


Table 10 


The effect of varying control time and temperature on the destruction of phosphatase 


Temperature “ls 


fe} 


iy 


ae oe nl Peo SOROS onOn Loose diot.4 WSo,Ommlooso 105.9 156.0 157.0. 157.5 157.9. 158.5. 159.0 


10.08 


8.20 
9.24 


7.44 


4.12 
7.56 


4.20 


9.72 
9.72 
2.88 
4.68 
2.64 


5.68 
5.84 
1.44 
3.00 
1.48 


4.12 
4.56 
1.08 
2.04 


0.96 


2.02 
2.52 


0.68 


‘1.44 


0.64 


5.52 


4.72 


1.40 
1.44 
0.52 
1.28 


0.48 


5.24 


2.96 


1.20 
0.56 
0.58 
1.26 


0.26 


8.12 
2.86 


2.20 


0.84 
0.40 
0.20 
1.08 
0.40 


8.04 
5.16 
1.48 
1.56 


0.64 
0.12 


Units phosphatase/O.5 ml milk 


10.00 
3.94 
3.24 

0.96 


0.84 


0.52 


0.16 


7.56 
5.76 
Bite 
2.00 
0.72 
0.68 


10.68 


5.60 
6.56 
2.76 
2.72 
0.68 
0.72 
0.24 
0.28 
5.60 
5.28 


10.68 
7.92 
2260 
Bell 
1.60 
1.48 
0.48 
0.62 
0.28 
0.24 
2.88 


5.60 


159.6 


6,48 
5.08 
1.16 
1.96 


1.00 


0.64 


0.56 


0.28 


1.52 


2.24 


160.1 


4.08 
3.22 
0.92 
1.12 
0.67 
0.56 
0.18 


0.24 


0.96 


1.40 


160.6 


2252 
2.56 
0.60 
1,08 
0.52 


0.24 


0.48 


1.08 


161.0 


1,50 
1.80 
0.42 
0.66 
0.40 


0.22 


0.56 


0.56 


161.6 


0,74 
1.16 
0.50 


0.44 


162.1 


0,64 
0.72 


0.28 


) 


162.7 


0.44 
0.735 


0.28 


163.0 


0.50 
0.50 


0.08 


163.5 


0.44 
0.50 


0.08 


164.1 


0.24 
0.42 
0.10 
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Table 11 


Inactivation temperature-time combinations 


Control Inactiva- Heating up Cooling Total 
Breage) cecedae @° " opoet erdep nas ©? Secoade |"! Tame SeAemmE 

3 10.9 160.7 2.0 resi aa 
be 1069 160.7 2.0! On19 ge la 
14 1923 Do 3i/ de 7 0.19 2M 
6 | 17.2 159.5 1.6 0.19 19.0 
13 18.9 (159.3 1.5 0.19 20.6 
: 17.3 159.2 5 0.19 19.0 
6 2356 158.7 1.2 0.19 25.0 
ii 23.9 158.7 dg 0.19 3 253 
10 2802 5765 0.9 0.19 29.3 
9 28.5 157.6 0.9 0.19 29.6 

12 38.3 156.1 0.7 O.19 39n2 
Ht ae. 156.2 @.7 O.19 39.6 
16 60.9 ie 0.6 G19" e Sts 
15 61,5 ole. 0.6 vat 0.19 62.3 
18 cre 154.0 O.5 0.19 7h 0 


iy) 2 13 29 0.5 0.18 199 
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Table 12 


Heating and cooling effect as percentage of 


total anactivation time: 


Inactiva- a Lowa: Heating Heating and 
eo) tee ee Peles feet | 
3 160.7 ae i 15.47 me k6 16.93 
h 160.7 1371 1 eC 16.93 
iN 159.7 212 a ce 0.97 8.93 
6 159.5 19.0 8.27 1.08 9.3 
1 159.3 20.6 7.06 101 8:07, 
5 ioe 19.0 8.27 1.09 9.36 
8 5.0 7 2oe0 1.88 0.79 507 
7 158.7 De 83 eee 5.61 
10 157.5 P2903 743 ie 6.71 3.89 
9 157.6 29.6 ByAall 0.70 a6 
128 | 156.1 39.2 1.78 0.51 2.29 
a 156.27) 39.6 1-76 0.53 229 
16 154.6 6147 0.95 0.32 1.27 
15 1, 62.3 0.93 0.31 eae 
18 154.0 7h0 0.71 0.28 0.99 


19 1538 23 70,9 Oss 3 0533 0.81 
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Table 14 | 


The effect of varying control time md temperature on cream volume 


Temperature OF. 
ee SeeeeisonOnl55.5 1 Samemeiete2 55,00 )ls5.5) 155.9 15655 157.0. 15755) 157.9 158.5 159.0 (ls9,6 160.1 160.6 161.0 9i6l.6 162.1 62.7 Deome 153.6 164.1 

ine Percent Cream Volume f 

econds 

10.9 12 W232 112 «Be 11 11 iA i108 . 102 eel 1c 3.2 
10.9 14 133 133 134 134 13 13 13 12+ 12 12 112 114 11 3.4 
17.3 133 122 124 124 12+ 1et 12 12 Re 112 112 fo iil: i112 3.3 
17.2 143 14 Mas) 14 (eee ass ei isk iss 13 ee eee 
23.9 14 134 134 13+ 13¢ 13 122 122 124 12 j12 112 112 114 ess 
23.9 143 14 134 13+ 15 13 13 124 12+ 12¢ lie 12 114 114 5 yee 
28.5 14 aL 122 122 12t 1et 12 1i¢ 112 114 114 Tah }102 102 3.2 
28.2 142 ih) 122 122 123 122 124 12+ 12 11 114 11+ 11 104 3.2 
38.6 123 112 114 11+ 11+ fal val 102 10+ 10 10 92 98 gt tl 3.0 
38.3 14 13 als) als 1e4 12+ Te 12 Wal Wie Lis 11 11 ait oS 
18.9 152 15 S,: 148 144 14+ 14 132 134 135 #132 132 12= 125 3.5 
19.3 133 122 Lee 122 122 124 123 124 123 12 22 12 12 12 5.2 
61.5 14 132 13 122 12+ 12 12 1.2 12 112 114 1134 113 322 
60.9 123 112 114 gis 11 i 11 102 104 10% 10¢ 10 10 98 

75.9 14 122 122 124 12 12 12 114 114 114 114 ial sind 11 Se 
73.5 152 142 144 14 14 15% 132 132 13 13 122 122 123 

73.2 13 12 112 113 114 dist 11 ital 11 ial 
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Table 15. 


Heating up 
Equivalent 
Seconds 


erature-time conditions 


* Cooling 


Hquivalent 
seconds 
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Lie Oe 
19.3 
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aie e 
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29.6 | 
39.1 
39 sD 
61.7 
62.3 
7hol 
1607 
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Table 16 


Heagine and (cooling ieftect. as. percentace of 


ee a en al ec ee a a cae ec oa aa ie el hiatal a Drache 


total destruction time 


Destruc- Total Des- Cooling Heating & 
a ee 
3 159.6 13.0 Loe 1.9 15.41 
h 160.1 etl 16.36 1.83 18.19 
Lh 159.0 pili 6.84 7 8.01 
6 159.6 1953 eo 1.31 10.38 
13 TE Sa) 20.3 Oj 15 11.8 733 
5 158.5 LO 6.68 23 7 0Gae 
8 D575 24.8 L.03 0.91 ha Oh 
7 157.5 25 ay 0.90 Nesey. 
10 155.9 Dou 2.56 0.86 Be 
9 155.9 29.6 2.54 0.85 3.39 
12 U6 3ee ibe 0.60 2.02 
1a 155.5 39.5 1.56 0.57 ile 
16 152.1 67 0.83 @. 41 1,28 
15 15a. 62.3 0.83 0.13 1.26 
18 ae a 0.61 @.38 0.99 
19 151.7 76.7 0.68 0.35 1.03 
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Table 17 


Temperature-time combinations for phosphatase 
inactivation and creaming impairment 


Time Required Time Required 
Temperature to Inactivate to Impair 

OF. Phosphatase Creaming 

Seconds seconds 
159.5 ! 18.9 16.5 
160.0 16.8 15.9 
160.5 14.9 13.7 
161.0 13/3 L255) 
161.5 1.7 11.3 


162.0 10.4 10.2 
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Figure 1 
The HTST Pasteurizer 
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Figure 2 


Plates showing the effect of entrapped air on milk flow pattern 
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Figure 5 
Temperature time curve with plate arrangement A 
A - Regenerative section KE - Post-holder section 
B - Filter F - Regenerative section 
C ~ Heater G - Control time 
D ~ Holder section 
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Figure 6 


Temperature time curve with plate arrangement B 


A - Regenerative section E - Post-holder section 
B - Filter F - Regenerative section 
C - Heater : G - Control time 

D - Holder section 
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Figure 7 


Varying phosphatase destruction with time - plate arrangement B 
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Figure 8 


Varying phosphatase destruction: with temperature - plate arrangement A 
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Figure 9 


Varying phosphatase destruction with temperature - plate arrangement B 
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Figure 10 
Varying phosphatase destruction with temperature 


(narrow range) - plate arrangement A 
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Flow rate increase and phosphatase inactivation 
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Figure 12 


Phosphatase inactivation curve 
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Phosphatase inactivation curves 


A - Heating and cooling effect included 
B - Heating and cooling effect excluded 


162 


, 
n 
‘fae 


INDEX 


IN CREAMING 


ae DIGG OIN, 


0.00 


ZAIN) 


I56 158 I60 162 164 166 
TEMPERATURE | OE 


Figure 1h 


Creaming index curve (arithmetic coordinates) 
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Figure 15 


Creaming index curve 


lOOO 


IN SECONDS 


TIME 


800 
600 


400 


200 


| OO 
80 


60 


40 


20 


150 I52 54 I56 158 160 162 
TEMPERATURE. ° cP. 


Figure 16 


Cream volume curve 
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Figure 17 


Cream volume curves 


A = Heating and cooling effect included 


B - Heating and cooling effect excluded 
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Figure 18 


Phosphatase inactivation and cream volume curves 


A - Phosphatase B ~ Cream volume 
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